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PRELIMINARY TANK TESTS OF AN OUTBOARD FLOAT HAVING

THE FORM OF A STREAMLINE RBODY OF REVOLUTION
FITTED WITH A HYDROFOIL

By Douglas A. King
SUMMARY

Preliminary tests were made in NACA tank no. 1 to
investigate the hydrodynamic quallties of a streamllne
body of revolution of a fineness ratio of 5.1, both alone
and with a lifting hydrofoil. The hydrofoil, supported
below the body by means of struts that gave the effect of
end plates at the tips of the hydrofoil, had a chord about

8 percent of the maximum diameter of the body, an aspect
ratio of 1.92, and a dihedral angle of 30°,

In general, at constant drafts, the 1lift of the
streamline body without the hydrofoil decreased with in-
creasing speed. When the trim of the body was 5° and the
body was not wholly submerged, for any two values of

.draft, the speed at whieh the 1ift became negative was
greater for the greater draft than for the lesger. When
the trim of the body was increased to 10° and the body was
completely. submerged, the 1ift did not vary greatly with
speed. The resistance of the body in this condition was
of the same order of magnitude as the lift. At high trims
the hydrodynamic lift-resistance ratios of the streamline
body with the hydrofoll were higher than those of a con-
ventional outboard float.

The aerodynamic drag of the combination of streamline
body and hydrofolil was computed and compared with that of
several conventional outboard floats. The minimum drag
of the combination was about 50 percent of the average
minimun drag of the conventional floats., The combination
at an angle of attack of 0° and an angle of incidence of
the hydrofoil of 10° had a drag about 50 percent of the
average drag of the conventional floats at an angle of
attack of 09 based on the keel just forward of the step,
and about 35 percent of the average drag of the conven-
tional floats at an angle of attack of 5°,
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- INTRODUCTION

Conventional flying boats and single-float seaplanes
are inherently unstable In roll while at rest or taxying
at low speeds and external means for providing latersl
stability on the water must be provided. The usual
method of providing lateral stabillity 1s by the use of
outboard floats. When the airplane heels while at rest,
one of the outboard floats is immersed and, as the extent
of immersion increases, the displacement Increases; thus
a righting moment is produced that increases until the
rolling moment exerted by the airplane is balanced by the
righting moment produced by the outboard flecat. When the
airplane is taxying, the righting moment of the outboard
floats is produced by a combination of buoyancy and
dynamic 1ift. The dynamic 1lift should be as large as
possible compared with the buoyancy of the float, and the
resistance of the float should be as small as possible to
reduce yawing moments and structural loads.

In flight, outboard floats sre a direct source of
drag and are therefore objectionable, This drag may be
‘glther eliminated by retracting the flcocats completely into
the airframe ar reduced by previding floats O0f a more
streamline form, _

The retraction of flnats into the airframe offers
obvious possibilities for the ‘reduction of drag, but some
difficulties arise in the actual design and construction,
The design of the struts supporting a retractable float
is more difficult than that of struts supporting a fixed
float, The retracting mechanism adds to the structural
-welght and complexity of the airplane, In addition, the
limitations imposed by such regquirements. as space and
location incidental to the retraction of the float may .
lead to the design of a float that has poor hydrodynamic
characteristics.

Hydrodynamic lifting forces on conventional floats
are preduced by the action of the water on relatively flat
planing surfaces. Sharp discontinuities at the edges of
these planing surfaces have been considered necessary to
insure useful lift-resistance ratios, The planing sur-
faces and their -attendant sharp discontinuities cause the
drag of a float to be greater than that of a streamline
body of the same volume and fineness ratio,
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The use of a simple streamline body without a planing
bottom is not: feasible becsuse, when such a body is moved
along the surface of the watér, a downward force is: -~
generated on the wetted surface The body tends to sink
to . a greater draft rathsr than to develop 1lift.,. This
action is in accordance with theory and with the tests of
earlier experimenters (reference 1l).

The hydrodynamic 1lift that is required may be pro-
vided by combining a hydrofoll (or hydrofoils) with the
streamline body. The hydrofoil should be arranged to
develop dynamic 1ift forces that are large .compared with
the ,statlc buoyancy forces developed by the streamline -
body. If the hydrofoil has less drag than. the: planing -
surfaces necessary to glve the same hydrodynamic.lift-
resistance ratio, the combination of streamline boedy and
hydrofoll becomes of interest as an alternate to th° oon-
ventional outboa”d float. :

Although the fact had been establlshed thau a stream~
line body would tend to be sucked down when moved along
the surface of the water, it was believed that the
magnitude of the suction force and the manner in which it
varied with speed and draft had not been determined. The
magnitude of the 1ift of a hydrofoll that might be used
in combination with a streamline body and the manner in
which the 1ift should vary could therefore not be esti-
mated. In order to obtain information regarding the
posgibilities of this type of float, short preliminary
tests were made in NACA tank no, 1 of a streamline body
and of the body in combination with a hydrofoil.

HMODEL -

The model tested, a streamline body of revolution
with a length of 26. 9& inches and a maximum diameter of
5.2l 1nches, 1s shown in figure 1. The body has a volume
of 0.1975 cubic foot and a fineness ratio of 5.1li. The
form was obtalned by scaling down body 1, nose 1 of - o
reference 2 to the size desired for these tests., 0Off-
sets of the body are given in table T.

The hydrofoil is of ‘the NACA 16=- -509 airfoil sectlon
with a,chord of 2.5 inches'and 13 set at an angle of
incidence of 0° relative - to thé denter line of the body.
Ordinates of the -hydrofoll 'séction are given in table II.
The struts supporting the hydrofoil are of lentlcular
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section with a Vhord of 2.5 1nches and a maximum thick-

ness of é inch. The recesses formed in the body to

receive the hydrofoil struts and the strut supporting the
model were filled W1th beeswax to glve a smooth fair
surface,

APPARATUS AND TEST PROCEDURE

The tests were conducted on October 9, 1943 in
NACA tank no. 1, which was described in reference 3, The
depth of the water for these tests was 6 feet; the towing
gear was arranged as showmin figure 2. It was possible
to measure both 1lift and resistance and to set the trim
and draft to any values within the range of the apparatus,
A spray plate about 2 feet square was mounted on the
rectangular towing staff to prevent spray from wetting the
towing gear. The model and towing staff were weighted to
about 80 pounds. Inasmuch as the 1ift of the model was
determined by measuring the apparent weight of the model
and towing staff (actual welght of the model and staff
minus the hydrodynamic 1lift of the model), it was possible
to measure 1lift forces up to about 80 pounﬂs.

The model was towed at fixed trim and at constant
speeds varying from O to 30 feet per second. The draft
of the model was changed by constant increments as the
towing carriage moved aleng the tank and 1ift and resis-
tance were measured at each draft, The model was also
towed while wholly in air and the 1ift and resistancse
obtained from these tests were subtracted from the gross
measurements to obtain the hydrodynamic forces acting on
the model, Lift and resistance were measured only at
increasing values of draft, and trimming moments were not
measured, Trim T was measured to the center line of
the streamline body. Draft was measured to the lowest
point on the model exclusive of the hydrofoll.

The aocuraoy of measurement is estlmated to be as
follows:

Speed, foot per second . . c o s s 4 .. e e o o+ e ¥0.1
LIft, pound . v & & 4 o o o o o s o o o o o o« « « « F0.5
Resistance, pound . . . . e e e s & e e 4 . 4 . . 0.2
Trim, degree ., . . . .« « . e .8 8 e o o 4 e « . . F0.1
Draft, Inch . v o« 4 ¢« « o 4 o o o o s s. s o« o« o 4 « 0.1
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RESULTS

The resultg of the tests are given in the form of
curves of 1ift .L, resistance R, and lift-resistance
ratio L/R plotted against speed with trim and draft
as parameters (flgs. 5 to 7).

Streamline body'without hydrofoil.- In figure 3, -
the 1ift of the streamline body at a trim of 5° decreased
with inereasing speed and became negatlve ‘at speeds that
increased with increasing draft. At a trim of 10°
(fig. li) the 1Ift of the streamline body became negative
only at drafts of 1, 2, and 3 inches at speeds approxi—
mately the same as for similar drafts at a trim.of 5°
When the body was completely submerged -that is, at
drafts of 7 and 8 inches ~the 1ift at a trim of 10°
decreased slightly with increasing speed, reached a
. minimum at about 15 feet per second ‘and then increased,
At the greater draft, 8 inches, the llft increased to a
.value about equal to the static 1lift but at the lesser
draft, 7 inches, the 1ift at 30 feet per second was
about 75 percent of the static 1lift, .

The resistance at trims of 5° and 10° increased
both with increasing speed and with increa51ng draft,
At drafts greater than 2 inches, the resistance at lOO
trim was greater than the resistance at 50 trim.

The results shown in figures 3 and l| suggest that
the 1ift of the streamline body, when fully submerged,
may be made greater than the static 11ft by increasing
the trim but that the resistance of the body in this
condition will be of the same order of magnitude as the
lift,

3

. Streamline body with hydrofoll.~ Figures 5 to 7
show that the 1lift increased with the trim and that the
hydrofoil developed -the major portion of the 1ift. The
resistance and lift-resistance ratlo increased with
increasing trim, :

DISCUSSION OF RESULTS

Interference,v The curves of effecfiﬁe'iift and

resistance in figures 8 and 9 were prepared by subtracting
the lift and reslstance of the hydrofoil alone (streamline
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body with hydrofoil at draft of O inch) from the 1lift and
resistance of the streamline boay with hydrofoil. A com~
parison of figures 8 and 9 with figures 3 and Ly shows
that the effective 1ift and resistance of the streamline
body are approximately the same as the actual 1lift aDu
resistance measured on the body alone, At a trim of 5
the effective 11ft was less and the effectlve resistance
was greater than the values for the body alone., At a
trim of 10° and at speeds greater than 25 feet per second,
the effective 1i1ft and resistance were greater than the
values for the body alone. The difference between the
effective 1ift and the actual 1lift of the body was small
compared with the 1ift of the hydrofoil. The forces on
a combination of & body and a hydrofoll may therefore be
determined with a fair degree of accuracy by simply
adding the forces on the body and the hydroP01l and
eclectlnw the epfecto of 1nterference.

Incldence.- The tests were made with the hydrof01l

" at one angle of incidence,0°. At any trim of the body,
the 1ift of the body with the hydrofoil would be increased
by increasing the angle of incidence of the hydrofcil:

For a reasonable Increase in the angle of incidence; the
lift-resistance ratio would be increased.

Spray.- Spray at large drafts, L to 8 inches, did not
appear to be heavier than the spray of conventlonal out-
board ‘floats of similar size at comparable drafts and
speeds. The operator could not adegquately observe the
spray because the spray plate on the towing gear was
between the operator's seat on the towing carriage and the
model, At large drafts and high speeds, the spray that
was thrown upward and struck the spray plate of the towing
" gear may have developed a 1ift force of unknown magnitude.
This 1ift force was probably not large compared with the
1ift of the mode].

Trimming moment.- The trimming momert of an outboard
float appears to be of secondary importance, The trimming
moment of a combination of streamline body and hydrofoil
may, however, be varied by changing the longitudinal posi-
tion of the hydrofoil. The variation of the longitudinal
position of the hydrofoll should not greatly affect the
hydrodynamic 11ft and resistance of the combination.

Comparison with conventional float.- Figure 10 shows the
11ft and resistance characteristics of NACA model 10l-A taken

from unpublished tests. The NACA model 1034, a g-size model

_
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of the PBY-type outboard float, had a volume of

- 0. 1975 cublc foot and was tested in the same manner and
‘with the same apparatus as-the streamline body. A com-
parison of figure 10 with the results of the present
tests shows that the lift-resistance ratios of the
stréamline body with hydrofoil at trims of 5° and lOO
higher than those of NACA model 1OM-A at.a trim of 15

Aerodynamlc drag.— ‘An approx1mation of the aero- ..
dynamic drag-of the comblnatlon of the streamline body
- and hydrofoll was made by adding the separate drag coef-

ficlents of the constituent parts, based on (volume)2 5
of the streamline body.

4

The “drag coefflcient of tne streamllne body at an
angle of attack of 0°, Mach number of approximately 0.35,

and Reynolds number of approximately 12 x 10 was .com-
‘puted from the value given in table IV of reference 2.
The drag coefficient of the hydrofoil at an angle of

attack of 09, Reynolds number of anproximately 1.46 x 10
was computed from figure 20 of reference li, after cor-
recting for aspect ratio. The geometrical aspnect ratio of
the hydrofoll was 1.92, but the struts supporting the
hydrofoll effectively increased the. aspsct ratio by an
wndetermined amount. An effective aspect ratio of 3 was
assumed. The drag coefficient of the struts supporting
the hydrofoll was comnuted from figure . 91 of reference 5.
The drag coefficlent of the combination of streamline body
and hydrofoil thus obtalned was as follows:

6

Cp
Streamline body 0.0208
Hydrofoil : .00l
Hvdrof011 struts . 0030
Total | 0.,0282

Increasing the angle of incidence of the hydrofoil from Q©
to 10° increased the total drag coelflcnent from O, 028
to O. oué . :
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The drag coefficients based on (volﬁmefz/E-of each
of four outboard floats (figs. 20 and 21 of reference 6)
at several trims were as follows: S L o

Trim o Av. Cp of four floats
_ (deg) : '
For min. drag 0.029 to 0.095; . 0.055
0 0.06ly to 0.131 f 0.088
5 " | 0.081 to 0.175 . 0.124

The trim was measured to the keel just forward of the
stepe The trims for minimum drag ranged from 50 to -13°,

The combination -of streamline body and hydrofoil '
had a minimum drag about.50 percent cof the average mini-
mum drag of the conventlonal flcats, At an angle of
attack of 0° and an angle of incidence of the hydrofoil
of 10°, the combination had a drag about 50 percent of the
average drag of the conventional floats at a trim of Q°
and about 35 percent of the average drag of the conven-
tional floats at a trim of 5°, The ‘comparison with .the
conventional floats at a trim of 5° is considered the most
representative of actual prectice of these comparisons,
becauss, in order to produce about the same hydrodynamic
characteristics as the comblnation of streamline body and
hydrofoil, an average outboard float would have an angle
of incidence several degrsees higher than the cocmbination.

CONCLUSIONS

The following coﬁclusions are vslid only for the
streamline body and hydrofoil tested but may be reasonably
e;pected to be applicable to similar configurations:

l. The 1lift of a streamline body moving partially
submerged over the surface of the water at constant draft
decreased with increasing speed and, when the btody was
below a certaln trim, became negative at speeds: that
increased with increasing values of draft.

2e When the body was completely submerged, and at a
sufficiently high trim, the 1lift of the streamline body
did not decrease very much with increasing speed and became
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greater than the static lift. The resistance in this
condition was of the same order of magnitude as the 1lift.

-3¢  For a first approximation, the hydrodynamic
forces on ‘a.comblngtion of a streamline body and a hydro-
foll may be obtained by adding the forces on the separate
constituents and neglecting the interferenoe between the
body and the hydrofoil.. :

L, At high trims the hydrodynamic 11 ft~- resistance
ratios -of ‘the streamline body with the hydrofoll were
higher than those of a econventional outboard float,

5. The combination of streamline body and hydrofoll
had a lower aerodynamic drag tnan a conventional float of
the ..same volume. - :- .

Langley Memorial Aeronautical Laboratory,
. National ‘Advisory Committee for Aeronautlcs
Lan71ey Pleld, Va.. : .
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TABLE I.- OFFSETS OF STREAMLINE BODY TESTED

Distance from nose : Radius
(in.) ‘ (in.)
0 0

<39 55
.72 .32
1.39 1.23
2.74 1.77
ho17 2.12
3:43 5.2
10.49 2.62
13.50 2.55
16.12 2,%3
18.88 1.93
21.57 1.%5
22.91 1.03%
2l.25 .70
25.60 5
26,27 .1
26.9 ' 0

TABLE II.- ORDINATES OF NACA 16-509 SECTION HYDROFOIL
igtations and ordinates in percent of choré]

Upper surface | Lower surface
Station Ordinate Station Ordinate
0 0 0 /
1,08l 1.223 1. 16 -.687
243505 1.605 +695 -.875
h (81 2.659 5 2l9 -1.079
274 3.323 T+726 -1.205%
ﬁ 7&% 3.877 10,226 -1.289
1 ﬁ.7gé 15.21l -1.412
518l 20,193 -1.502
29 865 6.492 0.137 ~1.630
39.929 7.068 - 0,071 -1.712
50,000 7.258 50,000 -1.2&2
60,071 7.053 59.929 -1.697
o 133 6.381 69.867 -1.519
ZZ 5.135 59.827 ~1.153
90 1 3.17? 9,836 - 587
95.12% 1.84 al;.877 -.26
100,027 .08 99.973 -.08
L.E., radius: 0.,L0. N
Slope of radius through end of chord: 0.3117




) <—— 22-in. slreamline Tubing

10.5

Figure1 - Sketch of model with hydrofoil.

ns"

524"
max. diam.

}— 565"

*ON YOV VOVN

90av1

‘314



’

“—Draft
scale

°

ﬁ:—Winch &

'3

©

NACA ACR No. L4D0O6

Resistance
ynamomew”er
<l it

dynamomeler

=N

fJnL*—— Towing sfaff

~— Roller cage

)

»— Spray plate

|— Weight

Trim
- adjusiment

Figure 2.- Diagrammalic skeTch of Towing gear,



Fig.

L4D0E&

NACA ACR No.

e onl o
) AN 3
| ens // /X
7/\\ / | } // -xlu+/l &-M_
af ) B B
ST A | | I,
it 771 o Vil
/] N \ V//ARs
h\\ \M\l IR Z VAN
[ Sl
[N ] 1
BN £ mvoone
I o] ] - °
IR .
w - I B 5 a vy o " S C v

Figure 3.- Liff and resistance characlerislics of slreamline body. T=5°.



Fig. 4 : NACA ACR No. L4DO6

0
e |
16 Draft= 8in.
..D’ A‘\\?Q\r 5 V_—————J—-—‘T"’—“’W7
- 8 —13 I’ I - e LA
= [} B \\ N
S 4 [—e S e e = =gl
¥ | %] vl\%
0t = = .
-4 T~ x {
-8 |
2
-12 1
o .
Draft, in. £
|+ :
2 x DA — g
¥ a)
4 © 0
5 a
6 Vv
9020 g e /56
o 9
ulb _ V-S_
: ﬁ7//AA4
‘a 12 = <83
1)) ~
S e A ,L
S Zamee:
4 - X -
L |
Tt |
{0
8
6 R s
g B\
—I 4 4 '\\‘
a3 R
, \\§\_ g
Y < — /:t: ==TIs—
] QET\ N *|
R 10 20 30
Speed, fps

Figure 4 - Lift and resislance characleristics of sfreamline body. T=10°



NACA ACR No. L4D0O6 Fig, 5

Dratt-
20 )
GLOD,J O in
16 6 [~ |
) /5 9 E// é b
T ——a v v Fe |
s = : 5 7;3/4/34//7—%9- 3
o] 3 ~0—— = » <
4 2 : =
Td—\‘ )L_;( — p— °6
+\| ¢ P IE
0 —_— 7g
-4 =
-8
Draft, in
0 o N
28 2, + ﬁ 10 B 5
X ot
24 3 o 5¢& é y
. z 0 —L—C = - o A
=20 g 2 ? - 02 |—6 vé/e‘:ﬁ
26 g3 — I /,gg'(f
Ay v & (5]
% s e}
4 /—x///, + ’//er—-#l
=== ey o N roo- 0
0 = =;i — 1 + —-O0—1 (& |
10 1
Jo% )
8 [} //0/0—
6 6\8\ ° o— T
o 3
} 49 R
4 O@"‘%\.
Z 2 XS ?\\: > + + + +‘|‘ 1
e A D B == {ve
0 ~NJ
2 0 10 20 30

Speed, fps

Figure 5.- Lifr and resisfance characteristics of sireamline body wiTh
hydrofoil . T=0°




L4DO06

NACA ACR No.

Fig.

; 1 T
0 gNMo.

o O

30

——c 0

@1

L

q

20

—X

:'::#""+
0

—

X

O

Speed, fps

3o

._O_—‘—-,'"
:.%"L‘ +

10
5°

T

| —
//

Lift and resistance characTerislics of sfreamline body wilh

hydrofoil.

ENCCEE Y AN . ﬁa;T7|sm4 q R
IA NN NN
AN / N /M«/
MRy BN
RN e n.o N %/
I\

IR N
EATAN | \
NN |

AN LN
Lk J/
: o
//\ .m.O.TXDOA__V_V_V
g // um,0|2345678
ST

Figure 6 -




NACA ACR No. L4DO6 Fig.

60
56 . IOc
B st
>z 10° - N
48 i 02
44 |
Draft, in.
40 0 o
|+
36 2 x
0 3 0 / Y
~3p 4 0
= 5 A /
- 28 c A4
24 ° T / 2
+
20 Draﬁ=8in////ﬂ//.
7
16 —5 /QEZ? /Z ///
5 ;Tg%
12 ?——5"///2,//?7/ .
A—1—
8 (1,,_4 //if'//
4- 5 //
O =
o t=—t—1 | 0
0 10 20 30

Speed, Tps

Figure 7.- Lift and resisfance characlerislics of sfreamline body with
hydrofoil . T =107




L4D06

NACA ACR No.

7b

Fig.

_ T
O <+ ™M @

VP - N =Q
AR
V|

N\
EAN
TREE\

utpyeaq
2 n o

A
F‘;———’

=
/F/ e

_
s

e

o
\rm.v 4

£o0+xO0dDDY

m O—ajm <N WM

Q

O S w
b N N O T O

4.
ad =
ql ‘®duejsIso)

30

XX 2

20

Speed, fps

10

Concluded.

Figure 7. -



NACA ACR No. L4D0O6 Fig. 8

o6 T
Q)2 ey L Draft-8 in.\
- ]
~ |
-4 \\ = 7
-8 N
™~ 8
-12
28
[T ]
24 Draft=8i
220 : = 7
o 6
216 5
5 / 4 N
2 - 3
'g e // /17
o /// ]
8 — ?// — 21
4
0 =" ] ‘
0 10 20 30
Speed, Tps

Figure 8.- Effeclive lift and resistance characlerislics of sltreamline
body. T= 5°




- Fig. 9 ' NACA ACR No. L4DO0O6

20 I |
16 Draft=7in,
/
n|2\6 7 8 I I =y 423 e
= G — //// an
t g N s e Sy R //% 2
P s S N B I e Y
] — 1
0
o Draftf=6in. ___|
20
3’;16 A
< g
+§ (2 A ’ ¢/ 3
L~ ~ '
¢ e
= =
; e mu ,
0 {0 20 30
Speed, Tps

Figure 9 - E ffective lift and resisTance characterislics of streamline
body . T=10".



NACA ACR
44
40
36
32
28
24

020

16

12
8

Resistance , Ib
o ® & o » » v & 3B

L/R

o NN

Figure 10 .- Lift and resisTance characferisTics of £-size model of
PBY-Type ouiboard floal , NACA model 104-A ; trim=13".

(Dala taken from unpublished TesTs)

No. L4DO06 Fig. 10
|
A
/ /
0. v/
£ oV
2 00 /
/xr//
Pz >
Draﬁ’,in ) /
I
6 v 1
1
4 ¢ |_—X
! x‘/ + + |
L — | 1]
e S e
Draft,in.
|+
2 X
‘6} Q
v
8 % [ 8 /V' 6
=
//q / /04*—
=
/w’ L L]
| —¢
*a///v /o-/ P
v — 15
0’___/ _’-XJ//_ |
M s o S S S, s s
-4 & &
e N I f 3
+ < < 8 “|’6j
0] 10 20 30
Speed, fps




AT

3 1176 01365 5650 _ |



